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ABSTRACT
Watters, Kayla Christine. M.S. Department of Biological Sciences, Wright State
University, 2018. Community Structure and Epizootic Infection Prevalence of Northern
Wisconsin Anurans.

Amphibian populations are declining globally at historically rapid rates, and while
a multitude of factors have contributed to amphibian population declines, emerging
infectious diseases, such as chytridiomycosis and ranavirus have been linked to a large
proportion of the reported amphibian mass mortality events. Distribution and infection
prevalence data for chytridiomycosis and ranavirus are lacking, and effective surveillance
is crucial. This project aims to describe anuran richness, relative abundance, habitat
occupancy, and community structure and to identify the chytridiomycosis and ranavirus
infection prevalence rates of the anuran population at Dairymen’s Inc. Wood frogs,
spring peepers, boreal chorus frogs, northern leopard frogs, gray treefrogs, American
toads, green frogs, mink frogs, and American bullfrogs were the nine anuran species that
were recorded in Vilas County, Wisconsin. The infection prevalence rates of Bd and frog
virus 3 were 11 ± 5.6 with 95% C.I. and 0%, respectively. This study is the first to report
the presence of Bd-infected anurans in Vilas County, however further research is needed
to provide reliable frog virus 3 infection rates in this county.
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I.

INTRODUCTION

In much of the world, including North America, amphibian populations are in
decline (Houlahan et al., 2000; Stuart et al., 2004; IUCN, 2016).The severity and large
geographic scale of declines in concurrence with the ecological importance of
amphibians has been coined as one of the greatest conservation issues of the 21st century
(Alford et al., 1999; Daszak et al., 1999; Wake & Vredenburg, 2008). Habitat
modification and destruction (Cushman, 2006), global climate change (Pounds et al.,
2004; Altizer et al., 2013), environmental contaminants, commercial over-exploitation,
introduced species (Daszak et al., 2004; Hanselmann et al., 2004; Beebee & Griffiths,
2005; Garner et al., 2006; Eskew et al., 2015), and emerging infectious diseases (Fisher et
al., 2012) have been associated with global amphibian declines (Pounds et al., 2006).
Among the many factors responsible for amphibian declines, emerging infectious
diseases such as chytridiomycosis and ranaviral infections have been increasingly
reported as significant determinants of amphibian mass mortality events (Berger et al.,
1998; Gray et al., 2009; Kilpatrick et al., 2010; Miller et al., 2011; Lesbarrères et al.,
2012).
Although the spread of chytrid fungus and ranavirus can be exacerbated by
anthropogenic disturbances such as habitat fragmentation and destruction (Stuart et
al.,2004; Hamer & McDonnell, 2008), the presence of ranavirus and chytrid fungus in
seemingly untouched areas has led to alternate hypotheses about their transmission routes
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(Berger et al., 1998; Kirshtein et al., 2007; Skerratt et al., 2007). For instance,
non-anuran animals can act as vectors (Johnson & Speare, 2005; Garmyn et al., 2012)
and global climate change has been shown to modify pathogen and host distributions
(Pounds et al., 2006) as well as virulence and vulnerability (Rojas et al., 2005; Altizer et
al., 2013). Widespread reporting systems of prevalence rates and global mapping of the
distribution of chytridiomycosis and ranaviral infections are thus vital to identify possible
facilitators of disease transmission (Olson et al., 2013).
CHYTRIDIOMYCOSIS
The emergence of Batrachochytrium dendrobatidis (Bd), the fungus responsible
for chytridiomycosis, is known to be a key driver of amphibian species declines and
extinctions (Berger et al., 1998; Stuart et al., 2004; Johnson, 2006; Gascon, 2007;
McCallum, 2007; Skerratt et al., 2007; Wake & Vrendenberg, 2008). Bd was first
described as a species in the late 1990s (Longcore et al., 1999), and our basic biological
understanding of this novel pathogen is still lacking (Fisher et al., 2009; Garner et al.,
2009). One factor contributing to the spread of Bd is its unusually wide host-range
(Briggs et al., 2010). Ecosystem stability and function could be altered from the declines
of multiple host species infected with Bd (Colon-Gaud et al., 2009). Thus, the potential of
Bd to act in concert with other anthropogenic drivers may devastate biological
communities and significantly contribute to the continuing mass extinction crisis (Wake
& Vrendenberg, 2008).
The recognition of Bd as an invasive species and emerging infectious disease has
led to Bd being labelled as a notifiable disease by the World Organization of Animal
Health in 2009. Data on the distribution and infection prevalence of chytridiomycosis are
2

lacking and effective surveillance is crucial to determine emerging processes, patterns,
and mechanisms that may have contributed to the rapid emergence or continue to
contribute to the ongoing spread of Bd (Olson et al., 2013).
FROG VIRUS 3
Ranaviruses, of the genus Ranavirus and family Irodovirdae, encompass another
important group of amphibian pathogens. These large, linear, double-stranded DNA
viruses are known to infect amphibians, reptiles and ﬁsh, and are often highly virulent.
Ranavirus-associated amphibian mortalities have been reported on five continents, across
all latitudinal ranges (Duffus et al., 2008; Gray et al., 2009). The greatest number of
reported amphibian mass-mortalities is from North America, where ranaviruses are
responsible for mortality events in 3 Canadian provinces and over 20 states in the USA
(Green et al., 2002; Greer et al., 2005; Muths et al., 2006; Gray et al., 2009).
Ranaviruses can cause annual mass mortality events (Brunner et al., 2004), which
in turn affect the probability of species persistence and population structure. This threat is
especially high for rare species or declining populations, where recurrent failed
recruitment could result in local extirpation.
Detection and distribution mapping of Bd and ranavirus infections is crucial to our
understanding of the epidemiology and ecology of these amphibian pathogens (D’AoustMessier et al., 2015). Screening in areas outside of biological hot spots will help us to
better identify transmission corridors and potential vectors of these pathogens. This
information will aid in propositions and implementations of conservation strategies which
support regional biodiversity security (Olson et al., 2013).
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SPECIES RICHNESS, RELATIVE ABUNDANCE, AND COMMUNITY
STRUCTURE
In synchrony with the importance of detecting and mapping the spread of
panzootic amphibian diseases, such as chytridiomycosis and ranavirus, the composition
of a complete inventory of anuran species is also imperative. Such species inventories are
useful for creating a baseline to be used in future monitoring studies and to identify
potential hotspots of species richness within an area. Anurans are thought to be good
indicator species (Hamer et al., 2004) because they are sensitive to changes in both
aquatic and terrestrial habitats. In the egg and larval stages of their lifecycle, anurans are
highly sensitive to changes in water chemistry (Gerlanc & Kaufman, 2005; Taylor et al.,
2005), and as adults anurans use terrestrial habitats for dispersal and feeding. A quick
response to environmental stressors in aquatic and terrestrial habitats, owing in part to
their highly permeable skin, also contributes to why anurans are typically characterized
as good indicator species. The inventory and monitoring of these indicator species can
provide useful information about overall health of habitats. Inventory data on indicator
species can be extremely useful, as it can be used to rank the importance of habitats or
microhabitats, resulting in the potential for the implementation of better management
strategies.
OBJECTIVES
Dairymen’s Inc. is a privately owned 25 km2 property located in Vilas County,
Wisconsin. The property is home to a variety of suitable frog and toad habitats, and
details on community structure and disease infection rates will enable land managers to
implement conservation policies to protect anuran species. This project aims to describe
4

anuran richness, relative abundance, habitat occupancy, and community structure and to
identify the chytridiomycosis and ranavirus infection prevalence rates of the anuran
population at Dairymen’s Inc.
Although a study found that frogs tested negative for chytrid near Vilas County,
Wisconsin in the 1960s (Ouellet et al., 2005), testing on Dairymen’s Inc. has not
occurred, and these county data are well outdated. Ranavirus and chytrid infection
prevalence rates in Wisconsin are generally lacking, although studies of nearby states and
provinces indicate that the pathogens may be in the area. Bd has been detected in Canada
(Schock et al., 2010; D’Aoust et al., 2015), and ranavirus has been detected in Ohio
(Homan et al., 2013) and the Northwest Territories of Canada.
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II.

METHODS

STUDY SITE
The study was conducted on Dairymen’s Inc. (46.15˚N, 89.67˚W), a privately
owned 25 km2 property located in Vilas County, Wisconsin. The property is home to a
many suitable frog and toad habitats, including oligotrophic lakes, wetlands, streams, and
ephemeral ponds (Fig. A1).
ANURAN CALL SURVEYS
Anuran call surveys were conducted as an index of relative abundance and
estimate of species richness at each of eighteen survey sites. A series of call surveys were
conducted in May and July 2017, to coincide with the breeding seasons of northern
Wisconsin anurans (Table 1). Surveys were conducted at eighteen single survey sites on
Dairymen’s Inc. in Vilas County, Wisconsin (Table A1). Survey sites were located at
each of the seven named lakes on the property, and several of the smaller lakes, streams,
and ephemeral ponds to account for species that reproduce in permanent and temporary
bodies of water. Of the eighteen breeding sites that were surveyed, 14 included
permanent bodies of water such as lakes, marshes, or streams, and four were temporary
bodies of water such as ephemeral ponds. Each survey site was surveyed three times for
spring breeders, and three times for summer breeders. Sites were organized
geographically into two routes to expedite call surveys. Each route encompassed nine
survey sites and was surveyed every other night for a total of six nights of surveys per
6

breeding season. Spring breeders were surveyed May 9-14, 2017 and summer
breeders were surveyed July 2-8, 2017.
Frog and toad calls were recorded using a parabolic dish and the TW Recorder
app on a cell phone (Apple iPhone 6). Anurans were identified to species based on their
species-specific calls during surveys, and all data collected during the survey were
verified from the recording at a later date. Call survey data, which included species
present, maximum call intensity index, temperature, weather conditions, and time, were
also logged on a call survey sheet (Figure A2) during each survey. To ensure all animals
had recovered from observer disturbance, the call survey began once frogs and toads have
begun to call after arrival to the survey site. In accordance with the North American
Amphibian Monitoring Program (NAAMP) protocol, each call survey lasted
approximately five minutes and was conducted between sundown and three hours after
sundown. Surveys were conducted when the weather was calm (winds less than 20 kph)
and water temperatures were above stipulated minima for each season (10˚C for early
spring and 15.5˚C for early summer) (Weir and Mossman, 2005). Call intensity was
ranked according to the number of individual males calling, as described in Table 2.
ANURAN SKIN SWABBING
In order to determine disease prevalence in the anuran community, we captured
and swabbed the skin of frogs on the property from 7/2/17 – 7/8/17. Frogs were found
opportunistically, walking through suitable habitats and around the perimeter of possible
breeding sites along the Wolf Lake Creek survey site. Frogs were caught using nets and
sampled using a standard swabbing protocol. Specifically, each frog was swabbed with a
synthetic swab for a total of 30 strokes: five strokes on each hind foot and between toes,
7

five strokes on the thigh of each hind leg, and five strokes on each side of the abdomen
on the ventral side (Hyatt et al., 2007; Gray et al., 2012). A total of 100 frogs were caught
from the Wolf Lake Creek location. To prevent disease transmission and crosscontamination, disposable gloves were changed between each animal that was swabbed.
Swabs were stored in separate vials and labelled with a sample number. For each frog
caught, the sample number, date and time caught, time released, species, life stage, and
condition of the frog were recorded. Each frog was examined for any gross anatomical
abnormalities or lesions that are associated with chytridiomycosis and ranaviral disease
(Berger et al., 1998) prior to skin swabbing and this was recorded with the sample
number data. Of the 100 frogs that were caught, 93 were green frogs, 2 were spring
peepers, 2 were wood frogs, and 3 were American bullfrogs (Table 1).
PCR and GEL ELECTROPHORESIS
Synthetic swabs were transported to the lab for analysis. DNA was extracted from
synthetic swabs using Qiagen DNeasy Blood and Tissue kits (Qiagen Inc., Valencia,
California, USA). Tools and countertops were bleached between each sample to ensure
that no cross-contamination occurred. A random subset of fifteen DNA extracts were
chosen to test for the presence of nucleotides via a NanoDrop 1000 spectrophotometer
(Thermo Fisher Scientific, Waltham, Massachusetts, USA) prior to polymerase chain
reaction (PCR) analysis. After verifying that the random subset of 15 DNA extracts from
the samples contained nucleotides, the presence of Bd and/or FV3 was then determined
using PCR and gel electrophoresis.
For FV3, a primer pair known to successfully amplify a portion of the major
capsid protein within the frog virus 3 genome was used: MCP-ranavirus-F (5’8

GACTTGGCCACTTATGAC-3’) and MCP-ranavirus-R (5’GTCTCTGGAGAAGAAGAA-3’) (Mao et al., 1997). Ampliﬁcation reactions consisted
of 2 μl DNA, 1.25 μl MCP-ranavirus-F primer, 1.25 μl MCP-ranavirus-R primer, 5 μl 5X
green buffer, 0.5 μl dNTP mixtures, 0.125 μl of GoTaq DNA polymerase, and 4.875 μl of
nuclease-free water, for a total volume of 15 μl per reaction. The ampliﬁcations were
performed in a Mastercycler EP Gradient 384 thermocycler (Eppendorf North America,
Hauppauge, New York, USA) with the following steps: an initial denaturation at 94˚C for
5 minutes followed by 28 cycles of 1 minute at 94˚C, 2 minutes at 45˚C, and 3 minutes at
55˚C. A ﬁnal extension at 55˚C for 5 minutes completed the ampliﬁcations.
To test for the presence of Bd, a primer set known to successfully amplify a
portion of the ITS1 and ITS2 region within the Bd genome was used: Bd1a (5’CAGTGTGCCATATGTCACG-3’) and Bd2a (5’-CATGGTTCATATCTGTCCAG-3’)
(Annis et al., 2004). Ampliﬁcation reactions consisted of 2 μl DNA, 1.25 μl Bd1a
primer, 1.25 μl Bd2a primer, 5 μl 5X green buffer, 0.5 μl dNTP mixtures, 0.125 μl
GoTaq DNA polymerase, and 4.875 μl of nuclease-free water, for a total volume of 15 μl
per reaction. The ampliﬁcations were performed in a Mastercycler EP Gradient 384
thermocycler (Eppendorf North America, Hauppauge, New York, USA) with the
following steps: an initial denaturation at 93˚C for 10 minutes followed by 30 cycles of
45 seconds at 93˚C, 45 seconds at 60˚C, and 1 minute at 72˚C. A ﬁnal extension at 72˚C
for 10 minutes completed the ampliﬁcations.
Amplification products, a DNA ladder, a Bd positive sample, and a FV3 positive
sample were separated by electrophoresis on 2% agaraose gels. Products were then
visualized by SYBR® Green nucleic acid staining, and images were digitally captured for
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documentation and analysis. The presence of bands that were the size of the DNA
fragments produced from the primers in samples (533bp fragment for FV3 and 300bp
fragment for Bd) were used as indicators as to whether the samples were positive or
negative for the corresponding pathogen.
DATA ANALYSIS
Species richness and relative abundance
Species richness was described as the total number of unique species recorded
during each season at Dairymen’s Inc. The maximum call index value for each survey
site was used when describing the annual and seasonal relative species abundances
(Knutson et al., 1999; Paloski et al., 2014).
Community structure
Anuran species were grouped into guilds to examine how species with similar
life-history characteristics were related to landscape features. The guilds were based on
preferred habitat use during the breeding season (permanent or temporary water sources).
The percent proportion of the breeding anuran community was calculated for each
breeding guild to describe the proportion of the anuran community that was recorded in
temporary vs. permanent water sources.
Bd and frog virus 3 infection prevalence
Disease prevalence was calculated by dividing the number of positive samples for
each pathogen by the total number of samples. 95% confidence intervals were calculated
for the disease prevalence.
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Table 1. Northern Wisconsin anuran species names, preferred breeding period, and
breeding guild associations (P = permanent water sources, T = temporary water sources)
(Paloski et al., 2014)
Scientific name

Common name

Lithobates sylvaticus
Pseudacris crucifer
Pseudacris maculata
Lithobates pipiens
Anaxyrus americanus
Hyla versicolor
Lithobates septentrionalis
Lithobates clamitans
Lithobates catesbeianus

Wood Frog
Spring Peeper
Boreal Chorus Frog
Northern Leopard Frog
American Toad
Gray Treefrog
Mink Frog
Green Frog
American Bullfrog
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Breeding
Period
April-May
April-May
April-May
April-June
May-July
May-July
June-August
June-August
June-August

Breeding Guild
Assoiciation
P
T
T
P, T
P, T
P, T
P
P
P

Table 2. Call index of relative abundance and criteria for anuran call surveys.
Call Index
Criteria
1
2
3

Individuals can be counted; there is space between calls (no
overlapping of calls
Calls of individuals can be distinguished but there is some
overlapping of calls
Full chorus. Calls are constant, continuous, and overlapping;
individual calls cannot be distinguished
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III.

RESULTS

SPECIES RICHNESS AND INDEX OF RELATIVE ABUNDANCE
During the spring breeding season, a total of six different species of anurans were
recorded calling at survey sites. These species included wood frogs, spring peepers,
boreal chorus frogs, northern leopard frogs, American toads, and gray treefrogs. Of these
species, the spring peepers, boreal chorus frogs, and gray treefrogs were the most
common. They were each recorded at 13 of the 18 survey sites and were typically
recorded at the same sites. Northern leopard frogs were recorded at 6 of the 18 survey
sites, and American toads were heard calling at 3 of the 18 survey sites. Wood frogs were
only heard calling at the Beaver Dam survey site. No frogs were heard calling at the
Jenny Lake, Wolf Lake, Bear Lake Picnic Spot, or Home Lake survey sites (Table 3).
The maximum call index among all survey sites was rated as 3 for wood frogs,
spring peepers, boreal chorus frog, and American toad during the spring breeding season.
The maximum call index among all survey sites was rated as 2 for gray treefrogs and
northern leopard frogs.
For the summer 2017 breeding season, a total of six different anuran species were
recorded calling at survey sites. These species included spring peepers, northern leopard
frogs, gray treefrogs, mink frogs, green frogs, and American bullfrogs. Of these species,
green frogs were the most common and were recorded at 13 of the 18 survey sites. Mink
frogs, northern leopard frogs, and American bullfrogs were the next most common
species, and were recorded at 10 of the 18 survey sites. Gray treefrogs were recorded at 5
13

of the 18 survey sites. Spring peepers were only heard calling at the Bear Lake
Warming House survey site. No frogs were heard calling at the Jenny Lake Ephemeral
Pond #2 or Flora Lake Ephemeral Pond survey sites during the summer breeding season
(Table 4).
During the summer breeding season, the maximum call index among all survey
sites was rated as 3 for northern leopard frogs, mink frogs, green frogs, and American
bullfrogs. The maximum call index among all survey sites was rated as 2 for spring
peepers and gray treefrogs.
A total of nine anuran species were heard calling at the Dairymen’s property in
Boulder Junction, Wisconsin during the year of 2017. Of the nine species, gray treefrogs
were the most common and were heard at 14 of the 18 survey sites. Spring peepers,
boreal chorus frogs, northern leopard frogs and green frogs were recorded at 13 of the 18
survey sites. Mink frogs and American bullfrogs were recorded at 10 of the 18 survey
sites. American toads recorded at three survey sites and wood frogs were only recorded at
one survey site (Table 5).
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Survey Site
Jenny Lake
Sanford Lake
Pot Hole #2
Bluegill Lake
Flora Lake
Wolf Lake
Bear Lake (Picnic Spot)
Bear Lake (Warming House)
Home Lake
Wolf Creek
Casino Bridge
Garlic Mustard Alders
Beaver Dam
Marsh Walk
Jenny Lake Ephemeral Pond #2
Jenny Lake Ephemeral Pond #1
Bluegill Lake Ephemeral Pond
Flora Lake Ephemeral Pond

3
3
2

3

3
2
3

3

3

2
3
3
3
3
3
3
3
3

3
3
3
3
3
3
3
3
3

15

2
3
3
1

2
1
1

3
3

1
1
2
1

1
1
1
2
2
1
2
2
2

American Bullfrog

Green Frog

Mink Frog

Gray Treefrog

American Toad

Northern Leopard Frog

Boreal Chorus Frog

Spring Peeper

Wood Frog

Table 3. Spring 2017 Dairymen’s, Inc. Frog and Toad Species Matrix. The maximum call
index value (1, 2, 3) is indicative of how many individuals were recorded calling at each
of the survey sites.

2

3

2
2

1
1

American Bullfrog

Green Frog

Gray Treefrog

American Toad

Northern Leopard Frog

Boreal Chorus Frog

1
1
1
1
3

Mink Frog

Survey Site
Jenny Lake
Sanford Lake
Pot Hole #2
Bluegill Lake
Flora Lake
Wolf Lake
Bear Lake (Picnic Spot)
Bear Lake (Warming House)
Home Lake
Wolf Creek
Casino Bridge
Garlic Mustard Alders
Beaver Dam
Marsh Walk
Jenny Lake Ephemeral Pond #2
Jenny Lake Ephemeral Pond #1
Bluegill Lake Ephemeral Pond
Flora Lake Ephemeral Pond

Spring Peeper

Wood Frog

Table 4. Summer 2017 Dairymen’s, Inc. frog and toad species matrix. The maximum call
index value (1, 2, 3) is indicative of how many individuals were recorded calling at each
of the survey sites.

2
1
2
2
2

2
3
3
3
3
1
1
3

2
1
1
3
3

2

3
1

3

2
2

2
3

1
3

2

2

3

2
3

1
1

2

1
2
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3

2
3
3
3
3
3
3
3
3

3
3
3
3
3
3
3
3
3

1
1

3

17

3
1

3
3

1
1
1
2
1

2
2
1
1
1
2
2
1
2
2
2

American Bullfrog

3

3

Green Frog

3

3
2

2

Mink Frog

1
1
1
1
3

Gray Treefrog

Northern Leopard Frog

3
2
3

3

American Toad

Boreal Chorus Frog

Survey Site
Jenny Lake
Sanford Lake
Pot Hole #2
Bluegill Lake
Flora Lake
Wolf Lake
Bear Lake (Picnic Spot)
Bear Lake (Warming House)
Home Lake
Wolf Creek
Casino Bridge
Garlic Mustard Alders
Beaver Dam
Marsh Walk
Jenny Lake Ephemeral Pond #2
Jenny Lake Ephemeral Pond #1
Bluegill Lake Ephemeral Pond
Flora Lake Ephemeral Pond

Spring Peeper

Wood Frog

Table 5. Annual (Spring and Summer) Dairymen’s, Inc. frog and toad species matrix in
2017. The maximum call index value (1, 2, 3) is indicative of how many individuals were
recorded calling at each of the survey sites.

2
1
2
2
2

2
3
3
3
3
1
1
3

2
1
1
3
3

2

3
1

3

2
2

2
3

1
3

2

2

3

2
3

COMMUNITY STRUCTURE AND HABITAT OCCUPANCY
During the spring 2017 breeding season, spring peepers, boreal chorus frogs, and
gray treefrogs were recorded at 64% of permanent water survey sites and100% of
temporary water survey sites. Northern leopard frogs were recorded at 14% of the
permanent water sites surveyed, and 100% of the temporary water sites that were
surveyed. The other two species that were recorded during the spring breeding season,
wood frogs and American toads, were only recorded at breeding sites in permanent
bodies of water. Wood frogs were recorded at 7% of the permanent water survey sites,
and American toads were recorded at 21% of the surveyed permanent water sites. Four of
the six recorded spring breeding species were recorded at temporary water sources, while
all six were recorded at permanent sources of water (Figure 1).
For the summer 2017 breeding season, northern leopard frogs and mink frogs
were recorded at 64% of permanent water survey sites and 25% of temporary water
survey sites. Gray treefrogs were recorded at 29% of permanent water survey sites and
25% of temporary water source survey sites. Green frogs were recorded at 86% and 25%
of permanent and temporary water source survey sites, respectively. Spring peepers and
American bullfrogs were only recorded at permanent water sources during the summer
breeding season. The percent of permanent water source survey sites in which spring
peepers and American bullfrogs were recorded was 7% and 71%, respectively. Four of
the six recorded summer breeding species were recorded at temporary water sources,
while all six were recorded at permanent water sources (Figure 2).
In 2017, wood frogs, American toads, and American bullfrogs were only recorded
calling at permanent water source survey sites at Dairymen’s Inc. Wood frogs, American
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toads, and American bullfrogs were recorded calling at 7%, 21%, and 71% of permanent
water source survey sites, respectively. Spring peepers, boreal chorus frogs, and northern
leopard frogs were recorded at 64% of permanent and 100% of temporary water source
survey sites. Gray treefrogs were recorded at 71% of permanent and 100% of temporary
water source survey sites. Mink frogs were recorded at 64% of permanent and 25% of
temporary water source survey sites. Green frogs were recorded at 86% of permanent and
25% of temporary water source survey sites. Six of the nine species were recorded at
temporary water sources, while all nine species were recorded at permanent water
sources (Figure 3).
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Percent of sites in which species were recorded

100
90
80
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Figure 1. Percentage of sites in which anuran species were recorded calling at permanent
(n=14) and temporary (n=4) water sources during the spring breeding season. Wood frogs
(n=1), Spring peepers (n=13), boreal chorus frogs (n=13), northern leopard frogs (n=6),
American toads (n=3), and gray treefrogs (n=13) were the only six species recorded
during the spring breeding season.
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Figure 2. Percentage of sites in which anuran species were recorded calling at permanent
(n=14) and temporary (n=4) water sources during the 2017 summer breeding season.
Spring peepers (n=1), northern leopard frogs (n=10), gray treefrogs (n=5), mink frogs
(n=10), green frogs (n=13), and American bullfrogs (n=10) were the six species that were
recorded during the summer breeding season.
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Figure 3. Percentage of sites in which anuran species were recorded calling at permanent
(n=14) and temporary (n=4) water sources during 2017 (spring and summer).Wood frogs
(n=1), spring peepers (n=13), boreal chorus frogs (n=13), northern leopard frogs (n=13),
American toads (n=3), gray treefrogs (n=14), mink frogs (n=10), green frogs (n=13), and
American bullfrogs (n=10) are the nine species that were recorded calling at Dairymen’s
Inc. in 2017.
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BATRACHOCHYTRIUM DENDROBATIDIS AND FROG VIRUS 3 INFECTION
PREVALENCE
Of the 100 frogs that were captured, 27 displayed physical abnormalities that are
typically associated with chytridiomycosis or ranaviral disease, such as inflamed or red
limbs and groins. Frog Virus 3 was not detected in any of the 100 amphibian skin swabs.
Bd was detected in 11 of the 100 amphibian skin swabs, suggesting that pathogen
prevalence was 11% ± 5.6, with 95% C.I. Of the 11 individuals that tested positive for
Bd, seven displayed clinical symptoms associated with chytridiomycosis and four were
asymptomatic. Ten of the 11 frogs that were positive for Bd were green frogs and the
remainder was a wood frog. Twenty of the 79 frogs that tested negative for Bd infection
displayed clinical symptoms associated with chytridiomycosis.
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IV.

DISCUSSION

SPECIES RICHNESS AND RELATIVE ABUNDANCE
The six anuran species that were recorded during the May 2017 sampling period
are all species that are known to breed during the spring months (April – May) in
northern Wisconsin. Of these six species, the wood frog was the only species that was
found to have a low relative abundance, and it was only recorded at one of the eighteen
survey sites. Since this study is the first to report anuran call survey results on this
property, it is difficult to assess whether this is due to actual low relative species
abundance for this species or if we possibly missed this species in our sampling efforts.
The lack of recorded calls for this particular species may be due to the fact that our
sampling period may have been a little too late in the season to get an accurate
description of the relative abundance of this species. Wood frogs are typically the first
anuran species to begin calling in this area; in fact calls were reported as early as April
2017 (Tom Rooney, personal communication). Also, during the summer sampling period
three wood frogs were captured at the Wolf Lake Creek area although no wood frog calls
were recorded at this survey site during the spring anuran call survey. The sighting of this
species without a recording of them at this particular site lends to the notion that this
species may have been missed in the call survey. Future surveys should be conducted in
mid-April to better detect this particular species.
Of the six anuran species that were recorded during the July 2017 sampling
period, four are species that are known to breed during the summer months (June-July)
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and two are species that typically exhibit a springtime breeding phenology. Spring
peepers and northern leopard frogs were the two species that were recorded calling
outside of their typical breeding season. Spring peepers have often been reported calling
outside of their normal breeding season (Mossman et al., 1998), and only two
individuals were recorded during the summer breeding season at one of the eighteen
survey sites. This finding suggests that the late calling behavior of this species may be an
outlier amongst the dataset and not a true representation of the spring peeper breeding
phenology. Northern leopard frogs are also a species that have been reported calling
outside of their typical breeding season (Pace, 1994); however, the fact that this species
was recorded at 10 of the 18 survey sites during the July 2017 survey suggests that this
species may have an extended breeding phenology in northern Wisconsin. Further
sampling would need to be performed to determine whether this species indeed has an
extended breeding phenology or if the data collected for this species during the 2017
sampling were outliers.
It is also important to note that while anuran call surveys are a simple and fairly
effective method of reporting species richness and relative abundance, this method has
limits. Anuran call surveys only indicate the relative abundance of each species, as this
method does not account for females, non-breeding males, or larvae; thus the true
population size of each species cannot be determined using this method. This method is
also limited in that species that are elusive or those that have a low-pitched call may be
missed when the calls of other species, such as spring peepers, are dominant. True
absence of species at survey sites cannot be determined using this method; therefore
some species may be more common than what is reported here.
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Overall, a total of nine anuran species have a known range that extends into
Boulder Junction, Wisconsin (Mossman et al., 1998), and all nine of those expected
species were recorded at the Dairymen Inc.’s property in 2017.
COMMUNITY STRUCTURE AND HABITAT OCCUPANCY
The finding of six out of nine anuran species at temporary water sources and all
nine at permanent water sources is unexpected. Of the nine anuran species that were
recorded at Dairymen’s Inc. in 2017, four are permanent water breeders, two are
temporary water breeders, and three will breed in temporary or permanent water sources.
Wood frogs, mink frogs, green frogs, and American bullfrogs are species that are known
to breed in permanent water sources (Paloski et al., 2014). Of these four species, mink
frogs and green frogs were also recorded at temporary water sites. There is a possibility
that these species’ calls may have been picked up from neighboring permanent water
sources or from males travelling to a permanent water source, as only a small proportion
of these species were recorded at temporary water source sites. Spring peepers and boreal
chorus frogs are species that are known to breed in temporary or ephemeral water
sources; however, the majority of calls from each of these species were recorded at
permanent water sources. It is very possible that these calls were picked up from
ephemeral ponds that were adjacent to the permanent water sites. A thorough survey of
each site was not conducted, so it is impossible to say with confidence whether some of
the permanent water survey sites had neighboring temporary water sources that would
account for the species that were recorded outside of their typical breeding habitat.
Thorough habitat surveys should be conducted prior to future anuran surveys so that
better conclusions can be made as to the true community composition at Dairymen’s Inc.
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It is also important to note that this survey may have been biased toward
permanent water sources, as only four of the eighteen survey sites were located near
temporary water sources. Future surveys should include more ephemeral pond survey
sites so that a more conclusive description of temporary water breeders can be made.
BATROCHOCHYTRIUM DENDROBATIDIS AND FROG VIRUS 3 INFECTION
PREVALENCE
The presence of Bd and ranavirus in Vilas County, Wisconsin appeared to be at
low prevalence rates in July 2017. We detected Bd (11 of 100), but not frog virus 3 (0 of
100), in anurans tested at the Wolf Lake Creek site. The survey we performed to detect
disease prevalence was brief and designed to identify pathogen presence, but not
mortality. It is therefore possible that our single visit to this location failed to capture
disease-associated mortality events, especially if the pathogens were highly virulent and
induced rapid mortality prior to our survey.
Although skin swabbing is the most effective of the minimally invasive sampling
methods for detecting Bd (Kriger et al., 2006), it is possible that the infection prevalence
of Bd is higher than what was detected. Various factors, such as temperature and
photoperiod (Meyer et al., 2012), are known to influence Bd zoospore shedding rate in
amphibian skin, and skin swabs only give an indication of the individual’s current
zoospore shedding rate (Clare et al., 2016). Furthermore, although not all infected
individuals display symptoms associated with disease (Ouellet et al., 2005), 27 of the 100
frogs that were tested displayed physical abnormalities that are typically associated with
chytridiomycosis, which may suggest that Bd infection rates were underestimated.
Skin swab samples were also used to test for the presence of frog virus 3 in the
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anuran community at Dairymen’s Inc. Oral swabbing was attempted for frogs that were
caught to try to increase the likelihood of detecting frog virus 3, but were unsuccessful.
Although skin swabs can be effective at detecting frog virus 3, this method is associated
with a high level of false negatives (Gray el al., 2012), and usually only detects pathogen
presence in association with high viral load. Liver testing is the most reliable form of
testing for ranavirus (Gray et al., 2012), but this method requires animal euthanasia,
which we did not wish to implement for this study. A less invasive method for collecting
internal viral loads would be to swab the cloaca or oral cavity of adult frogs (Pessier and
Mendelson, 2010), which we did not implement in this study. Frog virus 3 is also most
virulent in larvae and recently metamorphosed animals (Green et al. 2002; Balseiro et
al., 2009), and is typically associated with large tadpole die-offs, but we tested adult
frogs only in this study. In fact, a large tadpole die-off was reported in Vilas county the
year prior (Gregory Sass, personal communication). The absence of frog virus 3 at the
time of sampling suggests either true ranavirus absence from our sample locale, or a
failure to detect the pathogen if prevalence and/or infection intensity in frogs were
exceptionally low due to a recent mass die-off. The sample type obtained and the fact that
no larvae were tested leave our finding of no frog virus 3 highly questionable. Future
studies of ranaviral testing in anurans should consider oral larvae swabs or adult cloaca
swabs for more reliable results.
Wolf Lake Creek is frequently visited by guests and fishermen, and the movement
of potentially contaminated footwear and equipment provides a likely vector for the
spread of disease among and between lakes and wetland areas. Bd and frog virus 3
(Johnson and Speare, 2003) can remain viable from days to weeks when protected from
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high temperatures, desiccation, and microbial action (Johnson & Brunner, 2014; Nazir et
al., 2012) providing considerable time for spread via fomites. Boat and bait use are
already restricted at this site, so the best course of action to prevent further spread of
these pathogens is disinfection of materials exposed to aquatic habitats with ≥ 3.0%
bleach (Bryan et al., 2009; Webb et al., 2007), vigilance, and public education.
Further testing for Bd and frog virus 3 using more reliable sampling methods
should be considered at other aquatic habitats at Dairymen’s Inc., especially in areas
where fishing and recreational activities occur, to establish a more conclusive infection
prevalence of these anuran species.
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VI.

APPENDIX

Table A1: Anuran call survey site locations and water type.
Site Name
Water Type
Jenny Lake
Permanent – Lake

GPS Coordinates
46.18555, -89.677382

Jenny Lake Ephemeral
Pond #2
Jenny Lake Ephemeral
Pond #1
Sanford Lake

Temporary – Ephemeral
Pond
Temporary – Ephemeral
Pond
Permanent – Lake

46.18453, -89.676561

Pothole #2

Permanent – Marsh/Lake

46.178094, -89.674936

Bluegill Lake

Permanent – Lake

46.185039, -89.664057

Bluegill Lake Ephemeral
Pond
Garlic Mustard Alders

46.182009, -89.665892

Wolf Creek

Temporary – Ephemeral
Pond
Temporary – Ephemeral
Pond
Permanent – Creek

Flora Lake

Permanent – Lake

46.177524, -89.654751

Flora Lake Ephemeral
Pond
Beaver Dam

Temporary – Ephemeral
Pond
Permanent – Pond

46.175696, -89.655842

Wolf Lake

Permanent – Lake

46.164941, -89.665841

Bear Lake (Picnic Spot)

Permanent – Lake

46.166267, -89.685423

Bear Lake (Warming
House)
Casino Bridge

Permanent – Creek/Lake

46.171118, -89.691219

Permanent - Creek

46.156474, -89.686701

Marsh Walk

Permanent – Marsh/Lake

46.151724, -89.67064

Home Lake

Permanent – Lake

46.147685, -89.663604
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46.182624, -89.679776
46.18227, -89.684366

46.172502, -89.661951
46.154671, -89.678053

46.171178, -89.651118

Figure A1. Geographical Information Systems (GIS) map of Dairymen’s Inc. in Vilas
County, Wisconsin with a description of vegetation types as well as named large-bodied
lakes.
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Figure A2. Anuran call survey data sheet
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